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Abstract
Photons produced in 
 




pairs produced via the materialisation of the photons in a 1 mm thick lead sheet placed in front
of the MWPC's of the OMEGA spectrometer at CERN. A soft photon signal 7:8  1:6 times
the Q.E.D. inner bremsstrahlung prediction was observed conrming the results of a previous
experiment.
Submitted to Phys. Letters
The rst observation of a soft photon signal in excess of the Q.E.D. inner bremsstrahlung
prediction was observed in a K
+
p hydrogen bubble chamber experiment at 70 GeV/c[1]. Since
then apparently conicting results have been published, some experiments observe a signal of
soft photons[2, 3] whilst others observe no excess signal[4]. It appears that these results can
be reconciled if the signal exists only in the region Y
cms
> 0. Experiment WA83[3] , which was
made in order to conrm the original K
+
p BEBC result, found a signal of one soft photon per
six 
 
p interactions at 280 GeV/c in the kinematic region 0:2 < E

< 1: GeV/c and P
T
< 10
MeV/c . This is a factor 7.9 times the Q.E.D. inner bremsstrahlung prediction.
In experiment WA83 the soft photons were detected with a Pb-scintillating ber calorimeter.
The origin of the photons was assumed to be the main interaction vertex for the determina-
tion of their otherwise unmeasurable direction. The calculated probability of background soft
photon production from various sources in the apparatus was found to be negligible inside the
geometrical acceptance of the above calorimeter. However, we think that a direct measurement
of the photon production point would give an experimental check of this type of background.
The present experiment, using a dierent technique, was motivated by this idea.
The data for this experiment were collected using the set-up of the WA91 experiment in
the CERN OMEGA spectrometer shown in gure 1. A 280 GeV/c 
 
beam incident on a
60 cm long hydrogen target, was used to reproduce similar conditions to the WA83 exposure.
The magnetic eld ( B = 1.1 T ) direction was along the z (vertical) axis of the OMEGA
coordinate system in which the beam is along the x-axis. All interaction triggers (minimum
bias) were collected. A 50  50 cm
2
Pb sheet of 1 mm thickness was placed just before the B
set of MWPC's at a distance of 73 cm downstream from the center of the hydrogen target.





were reconstructed as V
0
's from the digitisations produced in the MWPC's
using a modied version of the standard TRIDENT[5] reconstruction program which enabled
reconstruction of tracks originating in the Pb sheet with momenta down to 40 MeV/c. It was
thus possible to determine the line of ight of the photon with an average error of 20 mrad by
measuring its momentum. This error is mainly due to the multiple scattering of the electrons
and positrons in the lead sheet in the energy range 0:2 < E

< 1 GeV studied in this work.
However, for the laboratory production angle of the soft photons 
R
( calculated in the x-y
plane ), we preferred the more precise direction given by the reconstructed interaction point in
the hydrogen target and by the photon materialisation point in the lead sheet. Analogously,
for the calculation of the photon polar angle  and the associated variable P
T
the geometrical
coordinates have been used.
The requirements for accepting a positive and negative particle pair ( V
0
) as a photon
candidate were:
a) that each track had at least 4 reconstructed space points;
b) that the mass of the V
0
found by the TRIDENT reconstruction program , assuming electron




c) that the x coordinate of the photon apex, dened to be at the position where the two tracks
have zero angle between them, was within 3 cm of the middle of the lead sheet, and
2
d) that the distance beween the two tracks in the x-y plane when the tracks had zero angle
between them was less than 3 mm.
The above dened criteria (c) and (d) have been decided during the reconstruction and V
0
selection procedure by using the simulation described in the next paragraphs with the aim of
keeping the rate of spurious 's less than 7%.





charged track at the lead sheet was greater than 3 mm in the x-y plane This was necessary
to avoid including soft photons which were produced in the Pb sheet by electrons or positrons
originating upstream of the Pb sheet.
The eciency for reconstructing such photons was determined by a method involving im-
planting simulated photons into the real data . The method generates photons , converts them










the MWPC's. After digitizing these clusters were implanted on actual events and then passed
through the TRIDENT reconstruction program. The validity of the eciency correction can be
assessed by comparing the eciency corrected photon P
T
spectrum , in a region of P
T
where
photons from hadronic decays dominate, with the predictions of the FRITIOF Monte Carlo




spectrum of reconstructed photons emitted inside a cone of half angle of 215 mrad
around the beam direction and with energy 0:2 < E

< 1 GeV, uncorrected for eciency is
shown in gure 2. The shape expected from 's of hadronic decays in the same kinematic region

















) is evidence for a low P
2
T
signal not originating from
hadronic decays.
Figure 3a shows the eciency corrected P
T
spectrum upon which is superimposed the pre-
dictions of the FRITIOF Monte Carlo. It was necessary to increase the FRITIOF MC back-
ground by 20% to t the data above a P
T
of 50 MeV/c. This can be attributed to the systematic
errors of tunning the FRITIOF MC and/or calculating the  detection eciency. It can be seen
that the data follow well the expected P
T
distribution of photons coming from hadronic decay
above a P
T
of 50 MeV/c where the contribution coming from Q.E.D. inner bremsstrahlung is
small. For P
T
<50 MeV/c an excess exists which rises rapidly towards zero P
T
. This excess is
essentially concentrated in angles  < 20 mrad as can be seen by comparing gures 3a and 3b
in the energy range 0:2 < E
lab
< 1 GeV referred in this paper.
The rate of photons to interactions in this kinematic region is 1/7.6 whereas the contribution
from hadronic decays and Q.E.D inner bremsstrahlung are computed to be 1/68[7] and 1/62[7, 8]
respectively. Subtracting from the data the hadronic decay contribution for the kinematic region
0:2 < E

< 1 GeV and P
T
<10 Mev/c we nd a ratio for the observed signal to the expected
Q.E.D. inner bremsstrahlung of 7:8 1:6, where the main contribution to the error comes from
the uncertainty in the eciency correction. This value may be compared to the value of 7:91:4
found in the WA83 experiment for the same kinematic region.
In order to see if the low P
T
photons observed in gure 3b originate from the interaction
3




which is the production angle
of the photons dened by the line of ight of the photon in the x-y plane as measured by the






correlation is observed with a spread about this




in the lead sheet. The fact that we observe a strong correlation is evidence that the photons
originate from the point of interaction.




angles can be exploited for the comparison
of WA91 and WA83 experiments. Having observed the same signal in the very forward direction
in both experiments, with the interaction and materialisation points entering into the angle
measurement ( WA91), we obtain already an evidence that the WA83 soft photons originate
also from the target interactions. Otherwise, in WA91 where the material between target and
photon detection is signicantly less than in WA83, we should observe less signal.
In conclusion this experiment conrms the existence of a soft photon signal in the kinematic
region 0.2 GeV < E

< 1 GeV and P
T
< 10 MeV/c which is a factor 7:8  1:6 above that
expected from Q.E.D. inner bremsstrahlung.
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distribution for photons with energy 0:2 < E

< 1:0 GeV uncorrected for detector
eciency.
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Figure 3: a) P
T
distribution for photons with energy 0:2 < E

< 1:0GeV corrected for detection
eciency. b) Same as g. 3a but with additional restriction of  < 20 mrad.
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as dened in the text.
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